This paper reports the application of total firesafety system consist of simulation programs for fire behaviour, smoke propagation and evacuation behaviour, to the Kokugikan~s firesafety design. This building is composed of a large central space with seats for 11,500 speotators.
INTRODUCTION
Factors concerning building firesafety are multifarious and include the problem of human safety, so that it is difficult to verify and find "absolute" firesafety by full scale and realistic experiments. Therefore, it is desirable to establish a systematic method for the assessment of "relatively" risk free and rational fire protection measures taking the properties of objective buildings and their occupants into consideration.
So the authors have proposed a total firesafety system by means of computer simulations based on engineering knowledge. 1 We considered this system as a time-sequence interaction system composed of six submodels for building, fire, smoke propagation, evacuation, information and equipment. We developed several computer simulation programs to calculate the behaviour of fire, smoke, and occupants during every minute of the fire taking account of the other submodels.
This paper reports the application of these simulation programs to the Kokugikan/s firesafety design.
OBJECTIVE BUILDING
The "Kokugikan" is the new headquarters of the Japanese national sport "Smno", which was completed in January, 1985 in Tokyo, .Iapan , The basic plan and section are shown in FIGURES 1-2. This building as shown in FIGURE 1 is composed of a large central space with seats for 11,500 spectators and an entrance hall, lobby, office rooms, as well as Sumo-chayas (which are shops supplying drinks and lunch snacks), Sumo-training rooms, and some restaurants. The height of the large central space for spectators is about 40 meters. The area containing spectators/ seats is about 4,250 square meters. POST-FLASHOVER FIRE IN "NIPPON SUMOKYOKAI" OFFICE ROOM
In the main central space, as the spectators act in a sense as a warning system and also as a fire fighting system so that, even if a fire occurs they can easily detect and extinguish a fire in its early stages. Therefore, the authors supposed it is not necessary to discuss the behaviour of fire in this area. But in rooms such as the office room for Nippon Sumokyokai and the Sumochayas, there is some risk of a fire break out when the staff are out just as there is in the case of any ordinary building. So, in this paragraph, we will discuss the case of a post-flashover fire in the office room.
Simulation Method
We can calculate post-flashover fire temperature in the compartment by means of the well-known heat balance equation (1) proposed by Dr. Kawagoe et al whereby for any given instant "t" during the course of the fire after flashover.
IC (1)
The treatment on the right side of equation (1) are nearly equal to ones in Kawagoe model.
For the treatment on the left side, the term IC is given as the product of the burning rate R (kg/hr) and the heat of combustion of fuel Ql(J/kg), and we assumed that R was based on the type of combustion, and Ql was changed by the incomplete combustion factor.
Here, for R, the assumption was introduced that the fire behaviour in compartment develops either ventilation controlled or fuel controlled combustion, which is determined by the relation between the air supply through the opening of compartment and the necessary air based on the fuel surface area at any fire situation.
Namely, the burning rate at any fire situation R, as shown in dash line in FIGURE 3, is assumed to be chosen the less of the burning rate at the stage of fuel controlled combustion and the burning rate at the stage of venti latio~controlled combustion Rair' '~..
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.".-.;:,,,, ... From the many survey results which were sponsored or conducted by the Building Research Institute Japan (in 1983), the Society of steel construction of Japan (in 1973), etc, we know that the magnitude of fire loads in offce rooms is in the range of 7 to 53 kg/m 2. So, in this case the magnitude of the fire load of the objective office room was tentatively, considered to be 30 kg/m 2 and though there are various types of combustible material in the office room, the materials are regarded as being wooden.
The simulation result is shown in FIGURE 4. It is seen that the maximum temperature in this room is 810°C after 35 minutes.
cast-in-place concrete . Though the smoke generated by combustion in the above mentioned office room fire may be released to all places around the room from its openings it is assumed that all of smoke released flow into the neighboring large central space. In order to estimate smoke accumulation speed in the top of the space, we enlarged and applied Dr. Tanaka/s theory3 as follows.
Simulation Method
Simulation model takes into consideration the concept of the roof inclination and heat loss throuth the roof.
The temperature of layer gases Ts is give by
The depth of a layer Zs is given by substituting V z obtained from equation (3) into the ralation between height Z(= Zj + Zs) and volume V(= Vj + Vz). Here the actual roof inclination is considered.
While the mass region is,
CpTo To Where G s and GO given by pressure P of a room at its floor must satisfy the requirement of the equation (4) .
With regard to the plume mass flow, Tsujimoto/s equation based on Yih/s was applied. Namely, the plume mass flow rate Mj and mass flow rate at a hot layer M z are given as follows. Ml = 0.153
While 6T/TO in the height Z/ is,
Further GO and G s are calculated by general ventilation calculation method.
Calculation Results
By means of solving above-mentioned simultaneous equations (2) to (8) etc. in any given instant, "t", we got the smoke accumulation speed in the large space.
The conditions in this calculation are as follows. 
EVACUATION BEHAVIOUR FROM THE LARGE CENTRAL SPACE
When the staff failed to extinguish the above-mentioned fire and the smoke began to flow into the central space, the 11,500 spectators need to move to protect their lives to the safest area, i.e. out-of-doors. In this paragraph, we discuss how many minutes it takes for 11,500 spectators to arrive out of doors by way of the prescribed evacuation route and whether there is any interference on evacuation behaviour or not. Simulation model is constructed using the investigation results and calculation results for 9,000 spectators behaviour watching sumo wrestling matches at the Osaka-prefectural gymnasium as follows.
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Evacuation route and its zoning. We divided this building into small blocks in accordance with evacuation routB, such as chairs, box seats (usually 4 persons per one box seat), passage, lobby, corridor, staircase and out-door safety area. We considered each block to be a branch, and supposed a network structure, as shown in FIGURE 6 to be composed of branches. It is supposed that 2 to 5 boxseats and 3 to 28 chairs are respectively regarded as the unit evacuation zone, and use the same passage. The zonings of passage blocks were carefully zoned taking account of the existence of junctions and the divergence.
As concerns junctions, if the lower part is not wide enough for the evacuation behaviour, it is assumed that the ratio of junction number is proportional to the width of each part of the upper stream. The ratio of the divergence numberis also proportional to the width of the lower part.
Spectators' walking speed and capacity of each branch. The relations between the walking speed and crowd density using in this mOdel are shown in FIGURE 7, which are based on the past imvestigations. 1,4 And the distribution of evacuation start time is shown in FIGURE 8. Here, as for box seats, this distribution was obtained from the investigation results at the Osaka-prefectural gymnasium. We calculated the case where it is impossible to use one of the main passages on the 1st floor for evacuation as a result of the office room fire.
Examples of the calculation results are shown in FIUGRE 9. Namely, it is seen that 6,500 spectators on the 1st floor could arrive out-of-doors 593 seconds after the start of the evacuation, and 5,000 spectators on the 2nd to 3rd floors could arrive at the roof evacuation place in 208 seconds. We made sure that was no interference on their evacuation route. Therefore, from FIGURE 5 and FIGURE 9, we can confirm that even if all of smoke generated by the neighbouring office room fire flows into the large central space and even if the top vent is shut, 11,500 spectators can arrive safety out of door without danger from the smoke.
SUMMARY
In this paper, we have reported on the application of a total firesafety system composed of simulation system of fire behaviour, smoke propagation, and evacuation behaviour to the Kokugikan~s firesafety design.
We calculated the post-flashover temperature in the office room which is the most risky in case of an outbreak of fire in this building, and the smoke accumulation speed in the large central space according to the heat energy withdrawn from the room during the fire.
Finally, we discussed how fast 11,500 spectators can arrive out-of-doors by way of the prescribed evacuation routes. Through comparison of the smoke accumulation speed and evacuation behaviour during every minute, we confirmed that there was no necessity to change the original plan. 
